This study investigated how four 10th-grade students with dyslexia processed and integrated information across web pages and representations when learning in a multiple source multimedia context. Eye movement data showed that participants' processing of the materials varied with respect to their initial exploration of the web pages, their overall processing time, and the linearity of their processing patterns, with post-learning interviews indicating the deliberate, strategic considerations underlying each participant's processing pattern. Eye movement data in terms of fixation duration and percentage of regressions also corroborated the findings of formal, diagnostic assessments. Finally, it was found that participants differed with respect to how much factual information they learned from working with the materials and how well they were able to integrate information across the web pages and representations, with results suggesting particular problems with learning factual information and, at the same time, constructing a coherent mental representation of the issue, as well as with drawing on textual information in the integration process. This study brings together two research areas that essentially have been kept apart in theory and research, that is, dyslexia and multimedia learning, and it provides unique information about the role of individual differences in multiple source multimedia contexts.
Introduction
Due to technological developments, human learning is becoming increasingly multi-representational (Ainsworth, 2018) . Accordingly, learning in school has become much more than reading and understanding textbooks. One reading context where students encounter multimedia information on a regular basis is the Internet, making it possible for students to benefit from texts, pictures, animations, films, and interactive graphs. Hence, the Internet has become an invaluable learning tool for students, providing them with a vast amount of multimedia information that they can use for academic purposes (e.g., Kammerer, Meier, & Stahl, 2016; Kingsley & Tancock, 2013; Mason, Junyent, & Tornatora, 2014; van Strien, Brand-Gruwel, & Boshuizen, 2014) .
However, although the abundant information available just a finger swipe or mouse click away has brought new affordances for learning, it also comes with some caveats. Successful learning from the Internet requires learners to integrate task-relevant and reliable information across different representations (e.g., pictures, videos, and texts), web pages, and perspectives, as well as with their own prior knowledge (e.g., Bråten, Braasch, & Salmerón, in press; Cho, Woodward, & Li, 2017; DeSchryver, 2015; Rouet & Britt, 2014) . Presumably, learning from multimedia materials, that is, the construction of a coherent mental representation based on information from different types of media, requires considerable working memory resources (e.g., Irrazabal, Saux, & Burin, 2016; Schüler, Scheiter, & van Genuchten, 2011; Sweller, Ayres, & Kalyuga, 2011) .
In explaining the relationship between multimedia learning and working memory, Mayer's (2003 Mayer's ( , 2014a influential cognitive theory of multimedia learning draws on limited-capacity (Baddeley, 1995 (Baddeley, , 2000 Just & Carpenter, 1992) and dual-channel theories (Baddeley, 1995; Clark & Paivio, 1991; Paivio, 1971 Paivio, , 1986 . The limited-capacity theory assumes that human working memory is limited in capacity and, thus, can process only a certain amount of information at a time. If processing demands exceed this limited capacity, the likely result is cognitive overload, which reduces learning. The dual-channel theory assumes that visual and auditory information is processed in separate channels in working memory and that these channels operate independently from each other, each with its own capacity. Hence, when these two channels are combined, such as when a multimedia learning context involves both a text (visual channel) and a narration (auditive channel), the learner will be able to process more information simultaneously than when the learning context involves a combination of text and pictures, since both text and pictures have to be processed in the visual channel. However, current web pages, often containing text, pictures, animations with narration, audio files, and so forth, have the potential to overload both the visual and the auditive channel in working memory (Knoop-van Campen, Segers, & Verhoven, 2018; Schüler et al., 2011) .
When students use the Internet for educational purposes, they often visit several web pages that may present overlapping, complementary, and conflicting information (Cho, Afflerbach, & Han, 2018; Salmerón, Strømsø, Kammerer, Stadtler, & van den Broek, 2018) , with successful learning demanding integration across different representations (e.g., text, video, and picture) and web pages. Although this can represent a great challenge for students regardless of their reading skills, poor readers may be particularly vulnerable in such learning contexts. Still, surprisingly little is known about how students with dyslexia handle such multi-representational information (Anmarkrud, Brante, & Andresen, 2018; Knoop-van Campen et al., 2018; McCarthy & Swierenga, 2010) , compared to the knowledge that exists about typically developing readers' multimedia learning (Mayer, 2014c) . This study is frontline because it uniquely contributes to both multimedia learning and dyslexia, integrating and broadening the research agenda in both areas and providing new insights into what it means to be a struggling reader in the 21st century. One pertinent question is how the combined processing demands imposed by the multimedia context along with the processing demands of reading could affect comprehension and learning from multimodal materials for readers with dyslexia. Hence, the present study aimed to provide a detailed description of some of the potential challenges that students with dyslexia may experience when trying to integrate information across representations (i.e., texts, pictures, and videos) and web pages by means of a comparative case study of four adolescents with dyslexia working on a socio-scientific issue in a digital environment. As such, this study draws on theoretical and empirical work on information processing in multimedia learning and attempts to extend that work to the challenges faced by readers with dyslexia in a multimedia learning context.
Developmental Dyslexia
Dyslexia is a specific learning disability characterized by difficulties with accurate and/or fluent word recognition, poor decoding skills, and spelling difficulties (Lyon, Shaywitz, & Shaywitz, 2003) . The associated reading and writing difficulties are typically a result of a deficit in the phonological component of language (e.g., Harm & Seidenberg, 1999; Ramus et al., 2003) . Dyslexia is found to affect between 3 and 7% of the population (Hulme & Snowling, 2009) and is assumed to be of neurobiological origin (e.g., Shaywitz & Shaywitz, 2008) . Although there is no "cure" for dyslexia, several studies have shown that many children with dyslexia can develop reading skills comparable to typically developing readers when provided necessary support and high-quality remedial reading instruction (e.g., Hulme & Snowling, 2009; Torgersen, 2001; Torgersen et al., 2001) . However, there are substantial differences in reading skills among students with dyslexia, and those towards the severe end of the spectrum may struggle with reading long into adolescence and adulthood.
Further, individuals with dyslexia have often been found to have working memory problems (e.g., Avons & Hanna, 1995; Barbosa, Miranda, Santos, & Bueno, 2009; Melby-Lervåg, Lyster, & Hulme, 2012) , not only with the processing of information in a phonological code but also with central executive domains and the processing of visual information (e.g., Fischbach, Könen, Rietz, & Hasselhorn, 2014; Menghini, Finzi, Carlesimo, & Vicari, 2011; Smith-Spark & Fisk, 2007) . It is assumed that the working memory deficits often seen among individuals with dyslexia may contribute to difficulties constructing a coherent representation of a text during reading, independent of their difficulties with phonological coding (e.g., Berninger, Raskind, Richards, Abbot, & Stock, 2008; Borella, Carretti, & Pelegrina, 2010; Follmer, 2018; Smith-Spark & Fisk, 2007) . However, several studies have found substantial within-group-heterogeneity in working memory capacity among students with dyslexia (e.g., Gathercole, Alloway, Willis, & Adams, 2006; Jeffries & Everatt, 2004; Smith-Spark & Fisk, 2007) .
Learning from Multiple Representations in a Digital Context
Up to the early 2000s, research examining reading comprehension and text-based learning typically involved a reader encountering a single text, usually on paper. With the development of new and user-friendly information technologies, such as the Internet, the conception of what constitutes a typical reading situation has changed considerably (Bråten et al., in press; Cho et al., 2018; Fox & Alexander, 2017; Leu, Kiili, & Forzani, 2016; Salmerón et al., in press) . Whereas conventional printed textbooks typically include text and various forms of illustrations and as such can be labelled multimedia materials, the digital learning contexts of today provides a variety of representations (e.g., animations, videos, audio files, simulations) in addition to text and pictures. Research on multimedia learning originally focused on learning from a combination of text and pictures in an offline context (Butcher, 2014; Mayer, 2014b) . However, given the technological developments in recent decades, multimedia learning has come to refer to the combination of any type of words and visual displays, regardless of whether the learning occurs in a non-digital or digital context. Several cognitive models have been developed to explain multimedia learning, with Mayer's (2001 Mayer's ( , 2014b cognitive theory of multimedia learning being the most influential. The basic assumption of this model is that multimedia learning rests on a cognitive system with multiple memory stores, with a working memory system of limited capacity considered an essential processing component. Also, the model posits that good multimedia learning requires the integration of information from various representations and that comprehension and learning can be hampered by the constraints of the human cognitive system, particularly working memory (e.g., Chan & Unsworth, 2011; Mayer & Moreno, 2010; Schüler et al., 2011) .
A significant body of research indicates that using multiple representations in academic learning contexts may be beneficial (e.g., Butcher, 2014; Cuevas, Fiore, & Oser, 2002; Rieber, Tzeng, & Tribble, 2004) . However, poorly designed multimedia learning environments can increase working memory load, leading to reduced learning. One example is when an additional representation (e.g., a picture added to a text) does not contain new information. In such a case, learners will have to waste additional processing capacity on the redundant information from the added representation without gaining any new knowledge. This is often referred to as the redundancy effect and has been found to interfere with learning (e.g., Gerjets, Scheiter, Opfermann, Hesse, & Eysink, 2009; Pociask & Morrison, 2008; Torcasio & Sweller, 2010) . Another example is that presenting information by means of more than two representations in and of itself can increase processing demands, particularly when the representations are physically or temporally disparate (Ayres & Sweller, 2014) . In such a situation, learners would have to split their attention between the different representations and fill the "gaps" between representations by drawing inferences before integrating information across the representations. This is referred to as the split-attention effect, and it can potentially reduce learning, especially among learners with reduced working memory capacity (Fenesi, Kramer, & Kim, 2016) .
In brief, the use of multimedia has the potential to increase learning when multimedia environments are designed according to the limitations of the human information processing system. However, ill-structured multimedia environments have the potential to reduce learning, compared to single-media environments, due to increased load on working memory.
Dyslexia and Learning from Multiple Representations
Thus far, few studies have been conducted on multimedia learning among students with dyslexia. In a recent study, Knoop-van Campen et al. (2018) examined how multiple representations affected learning and study time among 11-year-old students with dyslexia compared to typically developing readers. The participants worked with three user-paced multimedia lessons on the topics of balance in nature, motion, and global warming, and participants were divided into three conditions: 1) pictures + text, 2) pictures + audio, and 3) pictures + text + audio. The participants studied every lesson once, and learning was assessed at two time points; at one immediate posttest and a delayed posttest one week later. The results showed that in the picture + text condition, the dyslexic participants spent statistically significantly longer time working with the materials than did the non-dyslexic participants. There were no statistically significant differences in study time between the two groups in the two other conditions, and there was no statistically significant correlation between study time and learning in any of the conditions. Further, there were no main effects of condition, group, or working memory capacity on learning measured at the immediate and delayed posttests, although participants with dyslexia had statistically significantly lower scores on the working memory measure compared to the participants without dyslexia.
A study by MacCullagh, Bosanquet, and Badcocks (2017) highlights the challenges students with dyslexia may have integrating information across representations. Interviews were conducted with 13 university students with dyslexia to investigate how they used an available multimedia tool consisting of videorecorded lectures in combination with other representations such as animations and text boxes to compensate for their reading difficulties. Several participants reported that recorded lectures that they viewed with this tool were challenging to follow when all the different representations were combined. The participants reported that they often had to go through the online lectures several times to be able to benefit from them (e.g., just listen to the lecturer the first time, pay attention to the animation and text boxes the second time, and take notes the third time).
In two studies, Alty and colleagues (Alty, Al-Sharrah, & Beacham, 2006; examined the effects that different combinations of representations, such as textual and visual materials (e.g., diagrams) as well as audio files (voice over), had on the learning of statistics among students with dyslexia. In the first study, Alty et al. (2006) compared students with and without dyslexia across three conditions: one group received the learning materials as text only, one group received the materials as diagrams + voice over, and one group received the materials as text + diagrams. The results showed, contrary to expectations, that the students with dyslexia in the text-only condition significantly outperformed the students with dyslexia in the two other conditions with regard to learning, whereas the students without dyslexia in the diagrams + voiceover condition performed better than the students without dyslexia in the two other conditions. Given the somewhat surprising finding concerning the participants with dyslexia, Beacham and Alty (2006) conducted the same experiment with a larger sample of students with dyslexia, this time without a non-dyslexic control group. The results in this second study corroborated the findings from the original study; again, the participants in the text-only condition outperformed the students in the two other conditions regarding learning, despite reporting that this was the least preferred version of the learning materials.
Integration as Strategic Activity
According to Cho and Afflerbach (2017) , integration of information across representations and web pages requires strategic activity in the service of creating meaning. More generally, comprehension strategies may be defined as intentional attempts to control and modify meaning construction during learning (cf., Afflerbach, Pearson, & Paris, 2008) . If the semantic overlap between representations or sources is high, integration may rely on automatic processing (Myers & O'Brien, 1998) . If not, integration will have to rely on deliberate, strategic activity (Kurby, Britt, & Magliano, 2005) , with the execution and monitoring of strategies drawing on working memory resources. Presumably, multimedia learning that requires strategic processing will be particularly challenging for learners with dyslexia, who also must spend considerable working memory resources on more basic reading processes. Of note is also that multimedia materials, such as online sources, are not necessarily designed according to multimedia principles (e.g., Mayer, 2014b) , that is, to reduce the load on working memory. Several studies clearly have indicated that strategic behavior, such as coordinating representations and actively searching for meaning in different sources, can facilitate the integration of information into a coherent and rich mental model when working with multimedia materials (e.g., Azevedo & Cromley, 2004; Greene, Moos, Azevedo, & Winters, 2008; Moreno & Mayer, 2000) .
The Present Study
Although it has been argued that learning in multimedia contexts, such as the Internet, could be beneficial for struggling readers because text is supplemented with other representations (Castek et al., 2011; Henry et al., 2012) , learning in such contexts also may represent particular challenges for struggling readers. This is because a combination of processing demands associated with word reading and processing demands associated with integrating information across web pages and representations may lead to cognitive overload (Chan & Unsworth, 2011) . In this study, we extended previous research by exploring variations in the processing patterns of adolescent readers with dyslexia who worked with conflicting web pages containing multiple representations. Additionally, we set out to explore how these processing patterns were related to cognitive differences among participants and to their performance on post-reading learning and integration tasks. To be able to address these issues in depth, we opted for a comparative case study design (Yin, 2009) combining quantitative and qualitative data. Specifically, following the logic of a comparative case approach (Campbell, 2012; Yin, 2009) , we selected four cases that were analysed independently before they were compared and contrasted.
The study of these cases was guided by two research questions. First, to what extent do different processing patterns displayed by students with dyslexia when reading multimodal information represent deliberate, strategic activity? We expected that processing time would be related to the severity of the participants' reading difficulties, with more severe reading difficulties associated with longer processing time due to the time spent on reading the texts on the web pages. Moreover, prior research with typically developing readers in multimedia learning contexts has shown that the order in which representations are processed, and the transitions between representations, can influence learning outcomes (e.g., Mason, Pluchino, & Tornatora, 2016; Mason, Scheiter, & Tornatora, 2017) . Two different approaches to the integration of textual and pictorial information in multimedia contexts have been described in the literature. The first approach, picture-to-text processing, involves a brief inspection of pictures before processing textual material, with a quick examination of a picture providing a global spatial representation of the topic that, in turn, can scaffold comprehension of the text material. Recent research has found a positive effect of the picture-to-text approach (Eitel, Scheitel, & Schüler, 2013; Eitel, Scheiter, Schüler, Nyström, & Holmqvist, 2013; Mason et al., 2017) . The second approach, text-to-picture processing, involves processing textual material first, which may help readers focus on the essential elements of a picture subsequently. This approach also has been found to facilitate learning in multimedia contexts (Hegarty & Just, 1993) . Which of these approaches is the most efficient is probably a matter of the complexity of the information conveyed by the different representations, with the representation containing the least complex information preferably processed first (Eitel & Scheiter, 2015; Mason et al., 2017) . Considering that our participants were students with dyslexia, we expected that participants with a deliberate, strategic processing pattern would use the picture-to-text approach to try to compensate for their word reading problems.
Second, how are processing patterns related to individual differences among participants and to their learning from and integration of multimodal information presented on different web pages? Several studies have indicated that students with dyslexia who have developed sufficient word decoding skills through adequate remedial reading instruction may display reading comprehension almost on a par with students without dyslexia (e.g., Bishop & Snowling, 2004; de Olivera, da Silva, Dias, Sebra, & Macedo, 2014; Torgersen, 2001; Torgersen et al., 2001) . Although there are very few studies examining comprehension of graphics (both static and motion) among individuals with dyslexia, available studies do not indicate that they have particular problems extracting information from pictorial representations (Abtahi, 2012; Roca, Tejero, & Insa, 2018; Taylor, Duffy, & Hughes, 2007) . Hence, we expected that the participants would be able to gain factual knowledge from all representations and web pages used in this study. However, because integration of information from multiple representations imposes considerable processing demands on working memory, and because students with dyslexia have been found to display working memory deficits, we expected that integrating information across representations and web pages would be a profound challenge for our participants. Further, we expected that the participants would be inclined to draw more on information from pictures and videos than on information conveyed by textual material when trying to construct a coherent mental representation of the learning materials.
This research is based on a sample of 22 tenth-graders with dyslexia who participated in a study investigating differences in multiple source use between students with and without dyslexia (Andresen, Anmarkrud, & Bråten, 2019) . That study indicated that the group of students with dyslexia was heterogeneous with respect to working memory capacity and reading skill. Hence, to examine in depth how differences in these two key competencies might influence the processing of and learning from multiple multimedia sources in a digital environment, we selected participants with dyslexia who varied with respect to working memory capacity and reading skill for this comparative case study.
Method

Participants
The participants were four Norwegian adolescents, ranging in age from 15 years 9 months to 15 years 11 months. In Norway, if there is concern about a student's reading proficiency, the student will be assessed by an educational-psychological service (EPS). If appropriate, the students will be diagnosed with dyslexia based on test results, classroom observations, and interviews with parents and teachers. Students who receive remedial reading instruction according to The Special Needs Education Act are usually reassessed every other year. Thus, the four participants in this study were diagnosed by experts at the EPS within the last two years. Their diagnoses were based on criteria included in the definition of dyslexia proposed by Lyon et al. (2003) . This means that the four participants displayed difficulties in word recognition, phonological processing, and spelling (Lyon et al., 2003) . Specifically, all participants were assessed with standardized diagnostic test batteries called Logos (Høien, 2014) or STAS (Klinkenberg & Skaar, 2003) , which are frequently used in Norway and other Scandinavian countries to diagnose dyslexia. On these test batteries, all participants with dyslexia scored below the 15th percentile on subtests measuring reading fluency, word identification, phonological processing, and spelling and were simultaneously within the normal range on subtests measuring listening comprehension. None of the participants had comorbid conditions such as attention deficit disorder, language impairment, or more general learning disabilities. All participants had normal or corrected to normal vision. See Table 1 for relevant background information about each of the four participants. Swanson and Trahan's (1992) Working Memory Span Task, 4 compared to the mean scores of a sample of 528 Norwegian 10th and 11th graders (Anmarkrud & Ferguson, 2011) .
Participant 1 was diagnosed with dyslexia in 4th grade. The latest EPS assessment showed that this participant still had substantial reading difficulties, with very low scores on subtests measuring phonological word reading (nonword reading; 1.2 percentile), orthographic reading (0.1 percentile), and reading fluency (0.2 percentile). Based on the thorough reading assessment at the EPS, Participant 1 was by far the weakest reader among the four participants. As seen in Table 1 , Participant 1 also displayed a very limited working memory capacity.
Participant 2 was diagnosed with dyslexia in 6th grade. On the latest EPS assessment, Participant 2 scored approximately two grades below the current grade level on subtests measuring phonological reading (nonword reading), orthographic reading, and reading fluency. However, presumably due to very good language comprehension skills, Participant 2 seemed to be able to compensate for the word reading problems and had grade-appropriate reading comprehension scores. Hence, Participant 2 could be characterized as a poor word decoder with relatively good comprehension skills.
Participant 3 was not diagnosed with dyslexia until 8th grade. In the report from the EPS, this participant was described as a very motivated and academically sound student with excellent learning abilities (e.g., a relatively high working memory capacity). Due to these strengths, Participant 3 had been able to conceal and compensate for the word reading problems for many years, and it was not until entering 8th grade, where the reading materials in school became increasingly more complex, that the reading difficulties became very visible. The EPS assessment showed that Participant 3´s scores on tests measuring phonological reading (nonword reading), orthographic reading, and reading fluency were equivalent to what is typically found among students two years younger.
Participant 4 was diagnosed with dyslexia in 5th grade. The results on the latest EPS assessment showed that this participant mastered a phonological word reading task (i.e., could read the nonwords correctly) but was very slow on this task compared to typically developing peers. Participant 4 demonstrated substantial difficulties on subtests measuring phonological awareness, orthographic reading, and reading fluency, with scores well below the 15th percentile on these subtests. A two-minute-long interview with a physics professor explaining how the ultraviolet radiation (UV) index is used to measure the strength of UV radiation. The professor also explains how seasons, clouds, thickness of the ozone layer, water, and snow affect the strength of UV radiation. Finally, the professor explains that UV radiation in a sunbed is usually more intense than in natural sunlight.
An 83-word text explaining that UV radiation is a type of electromagnetic radiation coming from the sun. The text also explains that UV radiation can be found in sunbeds. A one-minute animation presenting the results from a recent longitudinal study with 50 000 participants that examined the beneficial effects of vitamin D. The study found that 5 micrograms of vitamin D every day reduced the risk of cancer with 33%, the risk of prostate cancer and colorectal cancer. Vitamin D hampers abnormal cell growth that is found in cancer.
A 90-word text arguing that the campaigns that tell people to stay out of the sun or use sunscreen have gone too far. The sun is an important source of vitamin D, and the text argues such campaigns could have serious consequences. The text refers to research saying that cancer patients have better prognoses if their disease is discovered in the summer or fall, when their vitamin D storages are full.
The picture explains that 30 minutes in the sun without sunscreen in the summer, or 30 minutes in a sunbed during the winter, would give the same amount of vitamin D as a small bottle of cod liver oil (a vitamin D supplement used in Norway).
Learning Materials
Participants were given access to a researcher-generated Internet site presented in an offline mode that was titled "Sunbathing and health". The site contained three different web pages about the controversial issue of sun exposure and health. These web pages presented two main perspectives: sun exposure is beneficial, and sun exposure is harmful. Each web page contained a title and a lead paragraph explaining the overall content of that page and then presented a video, a short text, and a picture, in that order. The first page contained information about the nature of ultraviolet radiation, different wavelength bands, how ultraviolet radiation is measured, and how different types of ultraviolet radiation affect the skin. The second page presented research arguing that sun exposure is healthy because it increases the production of vitamin D, which can protect against cancer, particularly in inner organs. The third page focused on the harmful effects of sun exposure due to increased risk of skin cancer, particularly basal cell carcinoma and melanoma, and explained that sun exposure cannot be considered a safe source of vitamin D. The main idea units of the different representations (i.e., the texts, the videos, and the pictures) were unique, which made it possible to trace each idea unit in participants' post-reading answers back to a particular representation on a particular web page. Of note is that the learning materials were designed in accordance with design principles for multimedia learning (Mayer, 2014a) . Thus, we took the spatial contiguity principle (e.g., Austin, 2009; Johnson & Mayer, 2012) into consideration by presenting text, videos, and pictures near each other on the web pages, and we omitted redundant information across the different representations in accordance with the redundancy principle (e.g., Mayer, Heiser, & Lonn, 2001; Moreno & Mayer, 2002) . Table 2 provides an overview of the content of the three web pages.
The texts that were included on the web pages (one on each page) contained 83, 92, and 90 words, and ranged in readability from 37 to 40 (see Table 3 ). These readability scores were based on Björnsson's (1968) formula, taking word length and sentence length into consideration. This formula yields readability scores ranging from approximately 20 (very easy text) to approximately 60 (very difficult text). Vinje (1982) reported that textbooks used in Norwegian upper-secondary school had a readability score of approximately 42 and that public information texts from the Norwegian government had a readability of 45. To assess students' knowledge about the topic of sun exposure and health, both before and after working on the learning materials described above, we used a 12-item multiple-choice test. The items referred to concepts and information central to the issue of sun exposure and health that were discussed on the three web pages. Because the same measure was administered both before and after participants worked on the learning materials, learning gain could be calculated by subtracting the number of correct responses out of 12 on the first occasion from the number of correct responses out of 12 on the second occasion. A preliminary version of the topic knowledge measure was reviewed by a professor of medical biochemistry at the University of Oslo who was not part of the project, which resulted in only minor modifications to the response alternatives of a few items. Sample items from the topic knowledge measure are displayed in Appendix A. In the larger sample of students with dyslexia from which the four participants were selected, the internal consistency reliability (Kuder -Richardson 20) for scores on this measure was .62.
Working memory measure.
Working memory was measured using a Norwegian adaptation of Swanson and Trahan's (1992) Working Memory Span Task (Braasch, Bråten, Strømsø, & Anmarkrud, 2014) . This measure is derived from Daneman and Carpenter's (1980) original Reading Span Test. Twelve sets of unrelated sentences were read aloud with a 2-second interval between each sentence. The sets gradually increased from two to five sentences. Participants were tasked to simultaneously a) answer a comprehension question about an unknown sentence after the final sentence was read, and b) remember the final words from each of the sentences. For each of the 12 trials, participants were awarded 1 point if they correctly answered the comprehension question and one additional point for each of the final words they recalled. If participants failed to answer the comprehension question correctly, they did not receive any points for that set regardless of how many final words they recalled. Internal consistency reliability (Cronbach's α) for scores on this measure in the larger sample of students with dyslexia from which the four participants were selected was .73.
Multiple source integration task.
Multiple source integration was assessed by asking the four participants to respond orally to two openended questions modelled on the integrative short essay tasks used by Rukavina and Daneman (1996) to measure students' understanding of a controversial scientific issue. Of note is that this approach also has been used effectively in several previous studies of multiple source integration (e.g., Barzilai & Ka'adan, 2017; Bråten, Anmarkrud, Brandmo, & Strømsø, 2014; Ferguson & Bråten, 2013) .The first question was, "Could you explain the relationship between sun exposure, health, and illness?" The second question was, "Could more than one view on the relationship between sun exposure, health, and illness be correct? Yes or no? If yes, why? If no, why not?" Following Rukavina and Daneman (1996) , we considered our first question to indirectly require participants to integrate different perspectives across web pages and representations, or, at least, to consider each perspective's claims and explanations. Our second question was considered to directly require participants to pit perspectives against each other, measuring how well they could reason about the issue in terms of the claims and explanations presented across web pages and representations.
The oral responses were audio-taped and transcribed before they were scored. Following Andresen et al. (2019) , the responses were scored in three steps. In the first step, we coded responses to both questions based on the extent to which participants integrated the two main perspectives represented in the materials (i.e., sun exposure is healthy vs. sun exposure is harmful), regardless of the web pages and representations they drew upon in their responses. On the indirect integrative question, participants could obtain scores between 0 and 5. A score of 0 was given for no response or for irrelevant information. A score of 5 was given for mentioning the two main perspectives and providing elaborate explanations or reasons for both perspectives as well as relating the two perspectives to each other by comparing and/or contrasting them and trying to reconcile them. Inter-rater reliability was established in the larger sample from which the four participants were selected. In this process, the first and second authors independently scored a random selection of 50% of participant responses to the first question, initially agreeing on 80% and resolving all disagreements through discussion. On the direct integrative question, we first coded whether participants recognized that the main perspectives were not mutually exclusive and might be reconciled (i.e., whether participants answered "yes" or "no" to the question). Second, we coded to what extent participants could explain and reconcile the two perspectives (i.e., when they answered "yes") and to what extent they could select one of the perspectives and provide explanation or reason for that perspective (i.e., when they answered "no"). Again, scores could range from 0 to 5. A score of 0 was given when participants answered "no" to the question without providing any further justification for their answer. A score of 5 was given when participants answered "yes" to the question, mentioned the two perspectives, provided elaborate explanations or reasons for both, and related the two perspectives to each other by explaining how they may be reconciled. Again, the reliability of the coding was established in the larger sample from which the participants were selected. The first and second authors independently scored a random selection of 50% of the answers to the second question, initially agreeing on 83% and resolving all disagreements through discussion. Participants' scores on the two integrative questions were collapsed, which means that their scores after this step could range from 0 to 10. Table 4 presents the entire coding system used for scoring the oral responses in the first step. Table 4 Coding system used in the first step of the scoring of the oral responses Question 1: Could you explain the relationship between sun exposure, health, and illness?
Question 2: Could more than one view on the relationship between sun exposure, health, and illness be correct? Yes or no? If yes, why, if no, why not? 0 No response or irrelevant information.
No response, irrelevant information, or only answering "no" to the first question.
1 Mentioning one or two perspectives (sun exposure is harmful and sun exposure is healthy, respectively) without explanation.
Answering "no" to the first question, and selecting one of the perspectives (i.e., stating a position on the issue) without explanation or reason. or Only answering "yes" to the first question.
2 Mentioning one or two perspectives with explanation (e.g., sun exposure is harmful due to the increased risk of skin cancer) for one or both perspectives.
Answering "no" on the first question, and selecting one of the perspectives and providing explanation or reason for this. or Answering "yes" to the first question, and in addition mentioning the two perspectives.
3 Mentioning two perspectives with elaborated explanation for one (e.g., explaining that sun exposure may cause skin cancer and elaborating on different types of cancer that different types of ultraviolet radiation may cause, or explaining that sun exposure may increase vitamin D production and elaborating on different types of cancer that ultraviolet radiation may protect against, respectively) of the perspectives.
Answering "no" on the first question, and selecting one of the perspectives and providing elaborated explanation or reason for this. or Answering "yes" to the first question, mentioning the two perspectives and providing explanation or reason for one or both. 4 Mentioning two perspectives with elaborated explanation for both perspectives.
Answering "yes" to the first question, mentioning the two perspectives and providing elaborate explanation or reason for one or both.
5 Mentioning the two perspectives and providing elaborate explanations or reasons for both as well as relating the two perspectives to each other by comparing and/or contrasting them and trying to reconcile them by demonstrating that they must not be mutually exclusive.
Answering "yes" to the first question and mentioning the two perspectives and providing elaborate explanations or reasons for both as well as relating the two perspectives to each other by explaining how they may be reconciled.
In the second step, we assessed the extent to which participants drew on information from the three different web pages and the different types of representations on each web page (i.e., text, video, and picture) when constructing their oral responses to the two questions. Because the main idea units of each representation were unique, we could trace an idea unit included in an oral response back to a particular representation on a particular web page. Inter-rater reliability of this coding also was established in the larger sample by the first and second authors who independently coded a random selection of 50% of the responses to both questions and initially agreed on the origin of 85% of the idea units. All disagreements were resolved through discussion.
In the second step, participants could obtain scores between 1 and 2.98. In addition to a constant of 1, participants were awarded a score of 0.33 for each web page and a score of 0.11 for each representation (i.e., text, video, or picture) that they used in their responses. For example, a participant who included idea units from the text and the video on the first web page would obtain a score of 0.33 for the web page and a score of 0.11 each for the text and the video, so this participant's score would be 1.55 (including the constant). If this participant additionally drew on the video on the second web page, he or she would obtain a score of 0.33 for that web page and 0.11 for that video, resulting in a score of 1.99 (including the constant). We awarded a score of 0.33 for each web page and a score of 0.11 for each representation because we considered the entire web site to consist of three parts (i.e., web pages), which were again divided into three representations.
In the third step, we computed each participant's total multiple source integration score by multiplying the participant's score from the first and second steps. In this way, we considered both the integration of the main perspectives (step one) and the coverage of the learning materials (step two) when assessing multiple source integration. Thus, on the multiple source integration task, participants could obtain a maximum score of 29.8 (i.e., 10 x 2.98). The reason we added a constant of 1 to each participant's score in the second step was to avoid any participant obtaining a total multiple source integration score that was lower than the score obtained in step one.
Apparatus and analysis of eye-tracking data.
When working with the learning materials, gaze data were collected by means of a Tobii X2-60 eyetracking device. The Tobii X2-60 is a screen-based eye tracker that records gaze data at a sampling rate of 60 Hz. Data collection took place in a quiet room, and direct sunlight to the screen and the student's head was restricted to avoid distorting reflections. Students sat approximately 60 cm from the screen, which was a T540P Lenovo laptop with a 15.6" monitor and 1920 x 1080 resolution. A nine-point calibration task was used to ensure reliable eye-tracking. The process was repeated until the average deviation dropped below 0.5º. Eyetracking data were analyzed with two different approaches. First, participants' patterns of processing were examined with regard to sequence of processing (linear vs. nonlinear processing patterns) and time spent on the various web pages and representations. Second, we performed finer grained analyzes of eye movements during the reading of the texts on the three web pages. Eye-tracking data were analyzed by means of Tobii Studio software. Specifically, we established text paragraphs as the main Areas of Interest (AOI). Within these, we examined the number of fixations, average duration of fixations (measured in milliseconds), and percentage of regressions (saccadic movements to the left, excluding carriage returns). The first time participants read a paragraph was defined as first-pass reading, while any subsequent reread was considered second-pass reading. In the reading literature, higher average fixation duration and a high percentage of regressions are considered indicators of comprehension difficulties (Rayner, Chace, Slattery, & Ashby, 2006; Schotter, Tran, & Rayner, 2014) .
Follow-up interview.
Finally, when participants had finished working with the learning materials and responded to the postreading measures, we replayed the recordings of their eye movements and used these recordings as stimuli to gain insight into whether there were any deliberate reasons for their processing patterns when working with the learning materials. The main topic of these follow-up interviews was the order in which the different web pages and representations where processed and whether the observed processing pattern was representative of how they would typically approach a web page in an academic setting. The follow-up interviews were transcribed, and the various utterances were given a time stamp making it possible to connect an utterance to an incident in the recordings of the eye movements.
Procedure
Data collection took place in two different sessions, approximately two weeks apart. The first author collected all data in participants' home schools either during the school day or directly afterwards. All instructions, questionnaire items, and questions were read aloud to the participants while they had their own printed copies in front of them. This procedure was followed to reduce the effects of participants' reading difficulties on the various measures.
In the first session, the topic knowledge and working memory measures were individually administered in that order. This session lasted approximately 40 minutes. In the second session, participants individually studied the three web pages on a laptop (see above) with the following instruction read aloud: "Sun exposure and health is a topic of current interest. Imagine that you are supposed to hold an oral presentation on this topic for your fellow students. Here are three web pages you can use to prepare the presentation. You may have 30 minutes studying these three pages; please do not take any notes. You can move between the pages as much as you would like and read them in the order that you choose". When finished working on the three web pages, the participants responded to the topic knowledge measure for a second time before answering the oral multiple source integration task. Finally, the follow-up interview was conducted. Participants were given a gift certificate of 300 NOK (approximately 35 US $) and were offered an individual course in strategic Internet reading as a reward for their participation. This study was carried out in accordance with the recommendations of The Norwegian National Research Ethics Committees. The protocol was approved by the Norwegian Centre for Research Data. In Norway, the Norwegian Centre for Research Data functions as a national ethics committee approving all studies within the social sciences. All subjects as well as their parents gave written informed consent for participation in the study.
Results
To address the first research question regarding possible variations in the processing patterns, we used eye tracking to examine their processing of the web pages and representations. We also performed a more detailed analysis of eye movements during text reading, focusing on differences among participants regarding number of fixations, fixation duration, and regressions. Figure 1 displays the processing pattern of the four participants when working with the learning materials in the second session. One difference that could be observed concerned how they initially explored the web pages. Participant 3 started the session by using 20 seconds to quickly click through all three pages, before returning to the first page and going through the three web pages more thoroughly. Participant 4, on the other hand, went straight to page one, going through this page before moving to page two and page three. On each web page, both Participant 1 and Participant 2 started with the text before moving on to the video and the picture, in that order.
A second difference was overall processing time, with Participant 1 spending a total of 23 minutes and the other three spending between 6 minutes and 30 seconds and 7 minutes and 45 seconds on the three web pages. Interestingly, the time Participant 1 spent on reading the texts on the three web pages (15 minutes) constituted the difference in total processing time between Participant 1 and the other participants.
A third observable difference between the participants was the sequence of processing the web pages, specifically the degree of linearity. The processing patterns of Participant 3 and Participant 4 can be categorized as linear in the sense that they both processed the various representations in the order in which they appeared on the web pages (i.e., video, text, and picture). Although the processing patterns of these two students may look identical on a surface level, there were important differences on a more detailed level. Thus, Participant 3 always started out by reading the lead paragraph explaining the content of the page before going through each web page in a linear pattern. Participant 4 skipped the lead paragraph on all pages and went directly to the video before examining the text and picture in a linear pattern on every page. In the follow-up interview, Participant 3 said that this quick examination of the three web pages was a deliberate strategy used to get an overview of the content of the web pages. When asked about the processing order of the representations in the follow-up interview, both Participant 3 and Participant 4 explained that they believed that those who make web pages probably have a reason for the design of a page; therefore, they just processed the representations in the order in which they appeared on each web page. The processing patterns of Participant 1 and Participant 2 can be described as nonlinear because they did not process the representations in the order in which they appeared on the web pages. A noteworthy difference between Participant 1 and Participant 2 was that the former systematically went back and reread the text and re-examined the pictures on each web page after the initial processing of the site. Although, as seen from the processing patterns, they both prioritized the text (i.e., read the text first), their reasons for this were different. Participant 1 explained in the follow-up interview that reading the text first was done deliberate to get some knowledge of the content before watching the video; a strategic activity used to maximize the comprehension of the video. Participant 1 applied this strategy on all three web pages. Participant 2, on the other hand, expressed that the text was usually the representation that contained the key information on a web page, and, therefore, Participant 2 would always start with the text when entering a web page. This participant also gave another strategic reason for such a processing pattern during the follow-up interview. Due to the reading difficulties, Participant 2 sometimes experienced that "things were unclear" after the reading of a text on a web page, hoping to clarify misunderstandings by watching a video or looking at pictures if such representations were available on a web page.
Regarding the second research question, we examined whether processing patterns were related to differences among participants with respect to working memory capacity, reading skills, and topic knowledge, as well as to their post-reading performances on the topic knowledge measure and the multiple source integration task. The results of the eye-tracking analyses are displayed in Table 5 , with results corroborating the findings of the EPS assessments regarding the reading levels of the participants. Each participant's average fixation duration (see "Average forward fixation duration" in Table 5 ) and percentage of regressions across the three web pages were compared with the reading of students with normative development (Rayner, Ardoin, & Binder, 2013) and with a sample of students with dyslexia (Prado, Dubois, & Valdois, 2007) .
Participant 1 read texts at a substantially slower rate (average fixation duration 476 msc) but did not display more regressions (31.59% regressions) than what has been reported in children with dyslexia (325 msc, 31% regressions). Participant 1 was also the only participant who reread all three texts. As can be seen in Table 5 , both the 1st and the 2nd pass were characterized by long fixations and many regressions. Participant 4's reading behavior (average fixation duration 310 msc, 39.11% regressions) was similar to what has been reported for children with dyslexia. Finally, Participant 2 and Participant 3 read the texts substantially faster (with average fixation duration 200 and 190 msc, and with 26.06% and 16.20% regressions, respectively), which closely resembles the behaviors typically reported for children without dyslexia of a similar age (average fixation duration 230-250 msc, 22% regressions) (Rayner et al., 2013) . However, previous research has found that the transparency of the orthography can influence fixation time during reading; the deeper the orthography, the longer the fixations (Bahnmueller, Huber, Nuerk, Göbel, & Moeller, 2016; Rau, Moll, Snowling, & Landerl, 2015; Van Roy & Pretorius, 2013) . Norwegian is a transparent orthography compared to English or French, and this should be considered when interpreting the reading rates of Participant 2 and Participant 3 in relation to the norms, which are established with English-or French-speaking children.
Learning Gain and Multiple Source Integration
As displayed in Table 6 , the participants started out with a similar amount of topic knowledge, with Participant 1 and Participant 3 receiving a score of 4, which is equivalent to a z-score of -1.32 compared to a norm sample of 528 Norwegian 10th and 11th graders without dyslexia (Anmarkrud & Ferguson, 2011) . Please note that all participants in the norm sample responded to the same topic knowledge measure both before and after studying the same information about sun exposure and health as did the four participants in the current study, and that the pre-reading topic knowledge, post-reading topic knowledge, and learning gain of the participants in the current study were compared to the pre-reading topic knowledge, post-reading topic knowledge, and learning gain obtained by the students in the norm sample. Participant 2 and Participant 4 scored 5, which is equivalent to a z-score of -.93 when compared to the norm sample. However, there were differences between the participants with respect to learning gain, indicating the amount of factual knowledge they were able to gain from working with the learning materials. Participant 1 read at a much slower rate than what is often seen among students with dyslexia but reread all texts thoroughly. This participant had a learning gain of 6, ending up with a post-reading topic knowledge score of 10 (z-score -.14). Compared to the norm sample, this is a substantial learning gain, equivalent to a z-score of 1.45. Participant 3 and Participant 4 both ended up with a post-reading topic knowledge score of 9 (z-score -.72), with their learning gains of 5 and 4 equalling z-scores of .99 and .53, respectively, when compared to the norm sample. Hence, the results indicated that these three participants were all able to extract factual knowledge from the representations and web pages included in the learning materials. However, Participant 2, who read relatively fast and also displayed relatively low working memory capacity, did not seem to gain much factual knowledge from the learning materials, increasing the topic knowledge score by only one point and ending up with a post-reading topic knowledge score of 6 (z-score -2.48), indicating a relatively small learning gain compared to the norm sample (z-score -.86).
On the multiple source integration task, higher scores required that readers integrated information across web pages and representations (i.e., texts, videos, and pictures) into a coherent mental representation of the issue of sun exposure and health. Given a potential maximum score of 29.8, Participant 1 clearly struggled with this task and obtained a score of only 3.76, which is equivalent to a z-score of -1.76 when compared to a sample of Norwegian 10th graders previously responding to this task (Authors 1). Participant 3 and Participant 4 obtained scores of 5.64 and 9.28, equalling z-scores of -1.46 and -.88, respectively. In contrast, Participant 2, who gained little factual knowledge, received a multiple source integration score of 16.80 (z-score .35), thus performing above the average of the norm sample. Hence, the results suggested that none of the four participants was able to learn factual knowledge from the three web pages (indicated by the post-reading topic knowledge scores) and at the same time construct a coherent mental representation of the issue in question (indicated by the scores on the multiple source integration task). Thus, spending cognitive processing capacity on integrating information across different web pages and representations seemed to have left little capacity for learning factual information from the same web pages and representations, and vice versa. 5 (z-score -.93) 9 (z-score -.72) 4 (z-score .53) 9.28 (z-score -.88)
Note. 1 The z-scores are based on comparison with the pre-reading topic knowledge, post reading topic knowledge, and learning gain scores of a sample of 528 Norwegian 10th and 11th graders (Anmarkrud & Ferguson, 2011). 2 The z-scores are based on comparison with a sample of 44 Norwegian 10th graders (Andresen et al., 2019) . Table 7 Representations drawn on in the integration task
Participant 1 Participant 2 Participant 3 Participant 4 Web page 1
Video
Finally, even though the eye-tracking data indicated that the four participants processed all the representations on all the web pages, there was a clear pattern regarding which representations the participants drew on in the multiple source integration task. As displayed in Table 7 , none of the participants drew on the text material when answering the multiple source integration task; they all based their oral responses on videos and, to some degree, information from the pictures. Hence, since all the participants processed the texts, the inability to draw on information from the texts in the integrations task could not be ascribed to a lack of processing of the texts, but rather the inability to integrate the information extracted from the texts with information from other representations across the three web pages.
Discussion
The present study examined how four adolescents with dyslexia processed information from multiple representations in a digital context and how they learned from and integrated information across different representations and web pages. Our first research question concerned differences in processing patterns and whether differences in processing patterns represented differences with respect to deliberate strategic activity. While all the participants provided reasons for the strategic approaches they chose when working with the learning materials, there seemed to be differences regarding the sophistication of these strategic approaches.
Two of the participants, Participant 3 and Participant 4, processed the various representations in the same order as they appeared on the web pages, with the rationale for this linear processing approach being that those who made web pages probably had good reasons for the order in which the representations appeared. Both Participant 1 and Participant 2, on the other hand, started with the text before processing the graphic representations. Previous research has revealed that students with dyslexia may be aware of their reading problems but seem to have a limited strategic repertoire to compensate for these difficulties (Furnes & Norman, 2015) . Moreover, studies conducted with traditional paper-based reading have consistently found differences between students with and without reading difficulties regarding knowledge about which strategies to use and when to use them (e.g., Baker & Beall, 2009; Furnes & Norman, 2015; Roeschl-Heils, Schneider, & van Kraayenoord, 2003) . In their review of the literature, Anderson and Ambruster (1984) reported that, compared to students without reading difficulties, students with reading difficulties to a lesser degree planned their reading ahead, integrated information, and reread text when they noticed comprehension problems. Hence, it is interesting that only one of the participants (Participant 2) explained a strategic approach by referring to the reading difficulties. This participant thus read the text first, and then examined pictures and videos to clarify misunderstandings that might have arisen while reading due to the reading difficulties. Although Participant 1 did not verbalize any particular strategic reason for the meticulous reading, and rereading, of the texts on the three web pages, it is conceivable that this approach reflected the experience as a struggling reader and reasoning about what could do to compensate for the difficulties. Hence, inconsistent with what we expected, a strategic approach to the learning materials was taken by the two participants who started with text before moving towards the graphic representations, in accordance with a text-to-picture processing approach (Hegarty & Just, 1993; Mason et al., 2017) . The prioritization of text, regarding both the time spent with text and the decision to process text first, can also reflect the text superiority effect (e.g., Corriveau, Einav, Robinson, & Harris, 2014; Einav, Robinson, & Fox, 2012; Eyden, Robinson, Einav, & Jaswal, 2013) , which implies that children tend to put more trust and emphasis on information from written information compared to other types of information, especially in an academic context. The approaches of Participant 3 and Participant 4 can be described as less sophisticated and more passive. Simply following the order of the web pages in a linear approach can reflect a type of "outsourcing" of the decisions regarding how to work with the learning materials to those who made the web pages.
Participants 2 and 3 read through the texts on the web pages quickly, as compared to what has been established as standards for students with dyslexia (Prado et al., 2007; Rayner et al., 2013) . There are several reasons why one should be careful in interpreting this relatively fast reading pace as reflective of good word reading skills. First, the oft-cited standards are based on readers with dyslexia who are younger than those who participated in our study. Second, previous research has found that the transparency of the orthography can influence fixation duration during reading. The fact that Norwegian is a relatively transparent orthography compared to the orthographies within which the standards have been established could be a reason for the slight mismatch between our reading data and the established standards. There are currently no standards for average fixation duration, number of fixations, or amount of regressions based on reading in Norwegian. Third, previous research indicates that reading on a screen in and of itself can lead to a faster reading pace than reading on paper (e.g., Trakhman, Alexander, & Berkowitz, in press; Van de Vijver & Harsveld, 1994) .
Our second research question concerned the relationship between processing patterns, individual differences in reading abilities and working memory, and learning and integration in a digital multimedia context. The results showed that three of the participants (1, 3, and 4) had substantial learning gains, also when compared to the learning gains of a norm sample of students without dyslexia. Hence, these three participants were able to learn factual knowledge from representations and web pages, and this knowledge was sufficient to answer post-reading questions in a multiple-choice format. However, these participants were to a very limited degree able to integrate information across representations and web pages into a coherent mental representation that reconciled the opposing perspectives covered in the learning materials. Participant 2, on the other hand, received a relatively good score on the integration task, also when compared to a norm sample previously responding to this task; however, this participant ended up with a small learning gain, both compared to the other participants in this case study and to the norm sample.
As previously described, learning multimedia materials can place a high demand on the capacitylimited working memory system, and multimedia learning therefore is expected to be a challenge for students with dyslexia because they often have working memory problems. One plausible interpretation of our results is that none of the participants were able to learn information on a propositional level, necessary to answer the multiple-choice questions, and at the same time aggregate the main ideas from the representations and web pages into an integrated understanding of the issue. Thus, it seemed that for these participants, the interaction with the multimedia materials resulted in an "either -or" learning outcome; either the details or the bigger picture, but not both. Presumably, this result is due to the combination of reduced working memory capacity and word reading problems, with reading putting too heavy a load on an already limited working memory and leaving too little working memory capacity to both remember detailed information on a propositional level and integrate information (Anmarkrud et al., 2018; Hulme & Snowling, 2009; Melby-Lervåg et al., 2012) . Accordingly, in previous research on paper-based reading, it has been found that both word recognition and comprehension processes compete for working memory capacity (e.g., Stanovich, 1986 ). However, this study does not allow us to draw conclusions about whether it is dyslexia or limited working memory capacity that is causing the integration difficulties.
In contrast to our results, as well as what has been found in previous research (e.g., Alty et al., 2006; MacCullagh et al., 2017) , Knoop-van Campen and colleagues (2018) did not find that readers with dyslexia had difficulties integrating information across different representations compared to peers without dyslexia. One likely explanation for inconsistent results in research on multimedia learning among students with dyslexia is the age of participants. The participants in Knoop-van Campen and colleagues' (2018) study were 11-year-old children, while the participants in this and other studies MacCullagh et al., 2017) have been university students or adolescents in uppersecondary school. Among 11-year-old children, including children with dyslexia and their typically developing peers, working memory is not yet fully developed (Schneider, 2011) . Hence, similarity in working memory capacity in the two groups (i.e., students with and without dyslexia) could have resulted in a lack of difference in multimedia learning.
The large learning gain of Participant 1 also requires some explanation. Despite a very limited working memory capacity and severe reading difficulties, Participant 1 ended up with the largest learning gain among the four participants, a learning gain that was also well above the mean learning gain of the norm sample consisting of students without dyslexia. Knoop-van Campen and colleagues (2018) found that self-paced work with learning materials allowed the participants with dyslexia in their study to spend the time necessary to learn the materials properly. Thus, those authors found that the participants with dyslexia used significantly more time with the learning materials in the text condition compared to the control group, but this extra time washed out the expected differences in learning. In line with this, Participant 1's slow and meticulous processing and reprocessing of the materials seem to have compensated for the shortcomings regarding working memory capacity and reading abilities compared to the other three participants.
Finally, although eye-tracking data revealed that all the participants processed all representations on all pages, it is intriguing that none of the participants drew on the text material in their answers on the integration task. They were, however, able to draw on information from the text when answering the multiplechoice questions. This implies that keeping information from the texts in working memory, and at the same time integrating this information with information from the other representations, seems to be a major challenge for readers with dyslexia. It should be noted that we used a portable eye-tracker without a chin rest with a sampling rate of 60 Hz, which is a somewhat lower sampling rate than the current standard in reading research. Albeit being a limitation of the present study, the relatively large areas of interest (i.e., paragraphs) used in the analyses of eye movements make it unlikely that the sampling rate had a large impact on the quality of the data.
Conclusion
Our comparative case study indicates that students with dyslexia may approach conflicting web pages containing various representations in different ways. Additionally, while they may process information strategically to improve their learning, they may fail to integrate information across different web pages and representations. To the best of our knowledge, this is the first study of dyslexic readers' integration of information across representations and web pages. The few studies that exist on the online reading of students with dyslexia have focused more on the learning outcomes of Internet reading (Castek et al., 2011) , Internet reading as a community of practice (Henry et al., 2012) , dyslexia-friendly interfaces (McCarthy & Swierenga, 2010) , and the difference between reading printed and digital text (Schneps, Thomson, Chen, Sonnert, & Pomplum, 2013) . Hence, knowledge about how readers with dyslexia process information in a digital multimedia context is essentially lacking. It should be noted that this lack of research makes it difficult to draw firm conclusions regarding readers with dyslexia based on previous work, since this group of readers is almost invisible in research on information processing in multimedia contexts. However, this study brings together two research fields that have traditionally been kept separate in research and theory, that is, the study of dyslexia and the study of learning in a multimedia environment. In the present information society, where the vast majority of adolescents, including those with dyslexia, use multimedia materials such as the Internet as an important information source in their school work, this study represents a timely integration of important areas of research that, hopefully, will inspire much further work.
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